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TECHNICAL NOTE 0-389

THE LONGITUDINAL AERODYNAMIC CHARACTERISTICS

OF A SWEPTBACK WING-BODY COMBINATION WITH AND WITHOUT

END PLATES AT MACH NUMBERS FROM 0.40 TO 0.95

By WilliamP. Henderson

SUMMARY

An investigation was made at high subsonic speeds in the Langley

high-speed 7- by lO-foot tunnel to determine the effect of end plates

on the longitudinal aerodynamic characteristics of a sweptback wing-

body combination with and without drooped chord-extensions. The wing

had 45 ° sweepback of the quarter-chord line, an aspect ratio of 4, a

taper ratio of 0.3, and NACA 65A006 airfoil sections parallel to the

plane of symmetry, and was mounted near the rear of a body of revolution

having a fineness ratio of approximately 8.

The results indicated that the addition of the end plates to either

the wing with drooped chord-extensions or to the wing without drooped

chord-extensions slightly increased the lift in the low angle-of-attack

range but slightly decreased the lift at moderate and high angles of

attack. The addition of the end plates to the wing without the chord-

extensions caused a small increase in the maximum lift-drag ratio at

Mach numbers below 0.65 and a slight decrease at the higher Mach numbers;

however, for the addition of the end plates to the wing with the chord-

extensions the maximum lift-drag ratio was slightly decreased below a

Mach number of 0.88, while a slight increase occurred for the higher

Mach numbers. The addition of the end plates to the wings with and

without the chord-extensions caused the static longitudinal stability

to increase considerably for all Mach numbers; however, only a slight

reduction in the aerodynamic-center variation with Mach number was
observed.

INTRODUCTION

Extensive research on the use of end plates to increase the effec-

tive aspect ratio of wings has been done in the past. (See refs. 1

to ll, for example.) In general_ the results of these studies have

indicated that although the effective aspect ratio could be increased
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considerably the profile drag of the end plates offset the reduced drag

due to lift at low llft coefficients, and red_ictions in the overall drag

were sometimes delayed until the llft coefficient corresponding to maxi-

mum llft-drag ratio was exceeded. Because of these results, end plates

have seen little service on aircraft in the past. In recent years, how-

ever, interest in end plates has been renewed, especially in connection

with sweptback wings where sufficient moment arm can be obtained so that

the end plates can act as vertical tails. Utilization of end plates as

vertical tails would have several beneficial effects. For example the

overall drag penalty would probably not be as great as when the end

plates are used in addition to a vertical tail. Also, the vertical sur-

faces would be removed from the adverse flow field induced by the fuse-

lage forebody vortices. The possibility of favorable wave-drag inter-

ference at supersonic speeds has also been a consideration.

Previous investigations of end plates on sweptbackwings (refs. 6

to ll) were made with wings not equlppedwith the flow control devices

(wing fixes) usually needed to provide satisfactory static longitudinal

stability characteristics. However, the effect of end plates on the

longitudinal stability and possibly on the drag due to llft of swept-

back wings would be expected to be dependent upon the flow condition

encountered in the tip region of the wing. It would appear, therefore,

that the information available might not be entirely applicable to

sweptback wings utilizing flow control devices such as fences, chord-

extensions, or nose flaps. In view of this la_k of information, a brief

study of the effect of end plates on the longitudinal aerodynamic char-

acteristics of a sweptback-wing configuration, both with and without

drooped chord-extenslons was made in the Langley hlgh-speed 7- by

lO-foot tunnel. The wing, which was of 6-percent-chord thickness, had

an aspect ratio of 4, 45 ° sweepback of the quarter-chord line, and was

mounted near the rear of a body of revolution having a fineness ratio

of approximately 8. The tests were made at Mach numbers from O.40

to 0.93.
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SYMBOLS

The forces and moments measured on the model are presented about

the wind axis (see following sketch) with the moment reference center in

the plane of sy_netry at a longitudinal position corresponding to the

projection of the quarter-chord point of the _ing mean aerodynamic chord.
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Lift

ching moment

All coefficients presented herein are based on the plan form of the wing

without drooped chord-extensions and end plates.

b wing span, 3.042 ft

CD drag coefficient, Dr_
qS

(CD)cL=O drag coefficient at zero llft

induced drag parameter, measured between CL = 0

and CL = 0.2

Lift
C L lift coefficient,

qS

%

Cmc L

C

lift-curve slope, measured through zero angle of attack

pltching-moment coefficient, Pitching moment
qS_

longltudinal-stability parameter, measured between

CL = -0.10 and CL = +O.lO

local chord, ft

/
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L/D

(L/Dlm 

M

q

R

S

V

P

mean aerodynamic chord, 0.823 ft

lift-drag ratio

maximum lift-drag ratio

Mach number

1DV2 , lb/sq ft
dynamic pressure,

Reynolds number based on

wing area, sq ft

velocity, ft/sec

angle of attack of fuselage center line, deg

density, lb/cu ft

MODEL AND APPARATUS
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A drawing of the sweptbackwing-bodymodel with the end plates and

drooped chord-extensions is shown in figure l, and a photograph of the

model mounted in the tunnel is shown in figure 2.

The wing was constructed of solid aluminum alloy; it had 49 ° sweep-

back of the quarter-chord line, an aspect ratio of 4, a taper ratio

of 0.3, and NACA 6_)A006 airfoil sections parallel to the plane of sym-

metry, and was mounted near the rear of a body of revolution having a

fineness ratio of approximately 8.

The end plates were constructed, to the d_Jnensions shown in fig-

ure l, of 1/4-inch aluminum alloy with rounded leading edge and beveled

trailing edge.

The partial-span chord-extensions (outbo_'d of 0.65b/2 to the wing-

tip) were of constant chord (approximately O.D)_) with a 6° leading-edge

droop.
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TEST AND CORRECTIONS
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The investigation was made in the Langley high-speed 7- by lO-foot

tunnel. Liftj drag, and pitching moment were measured throughout a Mach

number range of 0.40 to 0.93. The angle-of-attack range varied from -2°

to approximately 24 ° at the lower Mach numbers and from -2° to about 9°

at M = 0.93. The angle of attack at the higher Mach numbers was limited

by tunnel choking conditions. The variation of mean test Reynolds num-

ber (based on _) with Mach number is presented in figure 5.

Blockage corrections were determined by the method of reference 12

and were applied to the dynamic pressure and Mach number. Jet-boundary

corrections, applied to the angle of attack and drag, were calculated

by the method of reference 15. The angle of attack has been corrected

for deflection of the stlng-support system under load and the drag data

have been corrected to correspond to a pressure at the base of the fuse-

lage equal to free-stream static pressure.

RESULTS AND DISCUSSION

Presentation of Results

The basic data, with and without end plates, is presented in fig-

ure 4 for the basic wing (without chord-extensions) and in figure _ for

the wing with the chord-extension. A summary of the longitudinal aero-

dynamic characteristics at low angles of attack is presented as a func-

tion of Mach number in figure 6 for the basic wing and for the wing with

the chord-extensions in figure 7.

Discussion

This discussion is limited to the effect of the end plates; a dis-

cussion of the effect of chord-extensions is presented in reference 14.

Lift characteristics.- The addition of end plates to either the wing

without chord-extensions or to the wing with chord-extensions slightly

increased the lift at low angles of attack (figs. 4(a) and 5(a)) as a

result of the increase in the effective aspect ratio of the wing asso-

ciated with the end plates. At moderate and high angles of attack, how-

ever, the lift was slightly decreased by the addition of the end plates.

This decrease is probably due to an earlier occurrence of tip stalling

associated with the higher effective angle of attack at the wingtip

resulting from the presence of the end plate. With the chord-extensions

on, this decrease in lift due to the end plates was delayed to higher
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angles of attack at the lower Mach numbers. The variation of the llft-

curve slope with Mach number is presented in figures 6 and 7; the

results indicate that the end plates increased the lift-curve slope by

about l0 percent with chord-extensions off and by approximately 15 per-

cent with chord-extenslons on. These increases appear to be relatively

independent of the Mach number for the range of the investigation.

Drag characteristics.- The drag coefficient for a given lift coef-

ficient was increased by the addition of the end plates to the wings,

except in the intermediate lift-coefflcient range (figs. 4(b) and 5(b))

where the reduction in the induced drag resulting from the increase in

the effective aspect ratio of the wing exceeded the drag of the end

plates. The increase in the drag at zero llft due to the addition of

the end plates can best be seen in figures 6 and 7 where the drag at

zero lift is presented as a function of Mach number. The results indi-

cate that the end plates increased the drag at zero llft by approxi-

mately 27 percent for the wing wlth chord-extensions and by about 17 per-

cent for the wing without chord-extenslons. Since the end plates will

contribute to the directional stability, their drag penalty may be off-

set by the elimination of a conventional vertical tail and its asso-

ciateddrag.
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The addition of the end plates caused a decrease in the induced

drag parameter for both the basic wing and the wing with the chord-

extensions throughout the Mach number range (figs. 6 and 7)- This

decrease is due to the increase in effective aspect ratio of the wing

resulting from the end plates.

The overall effect of end plates on the llft and drag is reflected

in the variation of (L/D)ma x with Mach number as shown in figures 6

and 7. The addition of end plates to the basic wing caused a small

increase in the maximum lift-drag ratio for V_ach numbers below 0.65 and

a slight decrease for the higher Mach number3. However, for the addi-

tion of the end plates to the wing with the chord-extenslons a slight

decrease in maxlmum lift-drag ratio resulted below a Mach number of 0.88

while a slight increase occurred for the higaer Mach numbers. At lift

coefficients slightly below the lift coefficient for maximum lift-drag

ratio greater losses in the lift-drag ratios due to the end plates are

indicated for the wing with chord-extenslons (fig. 5(d)).

Pitchin6-moment characteristics.- In general, the addition of the

end plates resulted in an increase in the loagltudinal stability below

an angle of attack of about 5° , both with the chord-extensions on and

off. The increase in longitudinal stability is due to an outboard and

rearward shift of the center of pressure caused by the increase in load

on the wingtip associated with the addition of the end plates. For the

basic wing (fig. 4(c)) the addition of the end plates resulted in a
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somewhat earlier pitchup as might be expected due to the increased

effective angle of attack at the wlngtip associated with the addition

of the end plates. While this is also true for the wing with chord-

extensions (fig. _(c)) the pltchup is not as severe as for the basic

wing. The variation of the longitudinal stability with Mach number is

shown in figures 6 and 7 and it will be noted that slightly less rear-

ward shift of the aerodynamic center with Mach number is indicated with

the end plates on.

CONCLUDING REMARKS

An investigation was made at high subsonic speeds in the Langley

high-speed 7- by lO-foot tunnel to determine the effects of end plates

on the longitudinal aerodynamic characteristics of a sweptback wing-body

combination with and without drooped chord-extensions. The addition of

the end plates to the wings with and without chord-extenslons indicated

the following effects:

i. The lift was increased slightly in the low angle-of-attack range

but decreased slightly in the moderate and high angle-of-attack range.

2. The drag coefficient for a given llft coefficient was increased

except in the intermediate lift-coefficient range. The induced drag

was decreased throughout the Mach number range.

3. The maximum lift-drag ratio was slightly increased at Mach num-

bers below 0.6_ and slightly decreased at the higher Mach numbers for

the wing without the chord-extensions, however, for the wing with the

chord-extensions the maximum llft-drag ratio was slightly decreased

below a Mach number of 0.88 while a slight increase occurred for the

higher Mach numbers.

4. The longitudinal stability was increased considerably for all

Mach numbers, however, only a slight reduction in the aerodynamic-center
variation with Mach number was observed.

Langley Research Center,

National Aeronautics and Space Administration,

Langley Field, Va., February 26, 1960.



8

REFERENCES

i. Reid, Elliott G.: The Effects of Shielding the Tips of Airfoils.

NACA Rep. 201, 1924.

2. Hemke, Paul E.: Drag of Wings With End Plates. NACA Rep. 267, 1927.

3: Hubert, J. (V. P. Akimoff, Trans.): Model Experiments on Aerofoils
With Various Degrees of Sweep Back With and Without End Plates.

R.T.P. Translation No. 1816, British Ministry of Aircraft Produc-

tion, 1937.

4. Mangler, W.: The Lift Distribution of Wings With End Plates. NACA

856, 1938.

5. Mangler, W., and Rotta, J.: Theory of the Supporting Line. Reps.
and Translations No. 1023, British M.A.I!?. Volkenrode, Nov. 15, 1947,

pp. 41-45.

6. Bates, William R.: Collection and Analysis of Wind-Tunnel Data on

the Characteristics of Isolated Tail Surfaces With and Without End

Plates. NACATN 1291, 1947 .

7. Ingelmann-Sundberg, A. Martin M.: Exper_aental Determination of

Pressure Distributions on a Plane Wing With 40° Sweepback at Low

Speed. KTH-Aero TN 8, Div. Aero., Roy. Inst. Tech. (Stockholm),

1949 •

8. Riebe, John M., and Watson, James M.: T_ Effect of End Plates on

Swept Wings at Low Speed. NACATN 2229. 1950.

Is

9. Kuchemann, D., and Kettle, D. J. : The Effect of End Plates on Swept

Wings. C.P. No. 104, British A.R.C., 1_52.

I0. Petersen, Robert B.: The Effects of Circular End Plates on the Lift,

Drag, and Pitching Moment at Subsonic _id Supersonic Speeds on a

Modified Triangular Wing Having an Aspect Ratio of 2, a Taper Ratio

of 0.33, and a 45 ° Swept Leading Edge. NACARMA53JI4, 1954 .

Ii. Salter, C., and Jones, R. (Appendix by J. Weber): Tests on a Swept-

Back Wing and Body With Endplates and WLng Tip Tanks in the Compressed

Air Tunnel. C.P. No. 196, British A.R.C., 1954.

12. Herriot, John G.: Blockage Corrections for Three-Dimensional-Flow

Closed-Throat Wind Tunnels, With Consideration of the Effect of

Compressibility. NACA Rep. 995, 1950. (Supersedes NACARMA7B28.)

L

8

3
4



2C

9

L

8

3
4

13. Gillis, Clarence L., Polhamus, Edward C., and Gray, Joseph L., Jr.:

Charts for Determining Jet-Boundary Corrections for Complete Models

in 7- by 10-Foot Closed Rectangular Wind Tunnels. NACAWR L-123,

1945. (Formerly NACA ARR L5G31.)

14. Spreemann, Kenneth P., and Afford, William J., Jr.: Investigation of

theEffects of Leading-Edge Chord-Extensions and Fences in Combina-

tion With Leading-Edge Flaps on the Aerodynamic Characteristics at

Mach Numbers From 0.40 to 0.93 of a 45° Sweptback Wing of Aspect

Ratio 4. NACA TN 3845, 1957. (Supersedes NACA RM L53A09a.)



lo

Basic Wing Physical CharacteristiCs

Span, ft 3042

Mean aerodynamic chord,ft .823

Area, sq ft 225

Aspect ratio 40

Taper ratio 030

Airfoil section NACA 65A006

Sweep 25c 45 °

Enlarged detail of section A A

t_
I

CO

_-.--542 -_

Figure i.- Drawing of model. All dimensions in inches.
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